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0.0 Minecraft 


We can learn what's outside the simulation by simulating the simulation. 
Imagine that a Minecraft character becomes conscious. The character’s experience will 


be entirely confined to voxels, the three-dimensional analogue to pixels. The objects of the 
character’s experience are the objects of Minecraft, swords, pickaxes, zombies, trees, and the rest 
of it, all of it rendered in voxels. Let’s imagine that the character’s experience takes place from 
the first-person perspective and that her experience of controlling her body is altogether 
analogous to our experiences of controlling our own bodies. We can also imagine that there’s a 
community of such conscious Minecraft characters. Our community of conscious characters 
might begin to develop their own scientific theories, perhaps systematically observing the 
patterns of movement of flocks of voxel sheep, writing down a taxonomy of different kinds of 
voxel trees, or even working towards a theory of voxel fluid dynamics. Eventually, they might 
flesh out a full analogue to Newtonian mechanics, complete with equations that describe how 
various voxel entities move and interact. Interestingly, there are two different kinds of objects in 
Minecraft, those that are capable of movement (characters, boats, etc.) and those that are not 
(trees, stones, etc.). So, our voxel scientists would settle on a bipartite physics that is quirkily 
different from our own. And, their scientific explorations would greatly enhance their abilities in 
the game, allowing them to develop pioneering zombie-slaying weapons and construct buildings 
of a previously unimaginable scale. 

Despite the successes of their fledgling science, our conscious characters would remain 
confused about the nature of their explanations as a whole. The voxel scientists would think their 
theories were at least dealing with the proper stuff. They would think that a theory of mechanics, 


for instance, should be developed by studying how voxel pool balls bounce against each other. 
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Really, however, a theory of Minecraft should deal with transistors, circuit boards, GPUs, etc., 
and a full stack of software. At best, unbeknownst to them, the equations they’ve developed to 
describe voxel mechanics correspond to equations that are in Minecraft’s code. It’s difficult to 
imagine how they could reason about things in our world and develop more fundamental 
theories. How could they discern that there’s more than voxels, when voxels are all they know? 

By creating simulations of Minecraft in Minecraft, our Minecraft counterparts could 
develop a picture of how Minecraft works in our world, without ever leaving their world of 
voxels. In fact, Minecraft has already been created in Minecraft, so such a feat is in principle 
possible.’ Although the Minecraft that voxel engineers build in Minecraft will be implemented 
differently than the Minecraft in our world — indeed, it must be different as the physics of 
Minecraft is different than the physics of our world — both implementations must share some 
isomorphic features in virtue of the fact that they achieve the same end, a running version of 
Minecraft. Further, we can imagine a team of Minecraft engineers building different versions of 
Minecraft in Minecraft, each with a different implementation. Even further, we can imagine our 
team of Minecraft engineers building other video games, each with a different physics. Then, in 
each such video game, they could create even more simulations of Minecraft. By observing the 
isomorphic features common to all creations of Minecraft, they would begin to approximate the 
essential logic of Minecraft creation. In so doing, they would be able to indirectly characterize 
our world’s implementation of the Minecraft world they occupy. 

Our Minecraft counterparts were able to characterize the world outside of Minecraft, 
developing theories that went beyond the world as it appeared to them. Could we do the same? 
Can we characterize things as they are and not merely as they appear? Can we develop a 
metaphysical science, a science that deals not with the particular content of our world, but the 


' Linked here is a video of Minecraft being recreated in Minecraft. 
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form of a world? My intent is not to argue for any specific conclusions of this science, but rather 
to develop a methodology for how such a science could proceed. In what follows, I argue that we 
can penetrate beyond the particular content of our world by investigating simulations of worlds. 
We can begin by creating simulations of our world, what we normally — and naively — assume to 
be the external world. I will propose Isomorphic Simulation Theory — the theory that if we study 
isomorphic features common to different implementations of simulations of our world, then we 
can uncover an essential set of features common to all possible implementations of our world. In 
turn, this essential set of features will allow us to characterize the relationship between the 
external world and our world, i.e., the relationship between things as they are and things as they 
appear to us. Further, I argue that we should create simulations of all possible worlds and expand 
our science’s interest to worlds beyond our own. By studying simulations, both of our world and 
others, I claim that we will develop a better picture of things as they are and not merely as they 


appear. 


0.1 A Dualist Picture 


There are things as they are and things as they appear in consciousness. 

We'll begin with a dualist picture. We assume there is an external world, things as they 
really are, and your internal world, things as they appear to you in consciousness. We will add to 
the external world and your internal world our world: Things as they appear to us. That is, the 
content of our world is the shared content between each of our internal worlds. For example, if 
we all agree that there is a table in front of us, such a table is an object of our world. If there 
actually is a table, and there does not just appear to be a table, then such a table exists in the 


external world. If there appears to be a table in front of you but no one else agrees that there is 
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such a table, then this table exists in your internal world but not in our world. Moreover, we will 
assume that objects in the external world stimulate perceptual appearances, i.e., that there is a 
causal connection between objects in the external world and objects in your internal world — a 
causal connection between things as they are and how things appear in consciousness. As our 
world is the world as it appears to us, we are also assuming that there is a causal connection 
between the external world and our world. 

The word ‘consciousness’ is used in many different contexts, has many different 
connotations, and there is often confusion about what precisely is being discussed in a 
conversation about consciousness. From different vantage points, this key aspect of our dualist 
picture might look altogether different. Next, we'll ensure that we’re viewing our starting picture 


from the same position in the philosophical gallery. 


0.2 Consciousness 
By consciousness, we mean experience itself. 

We will discuss consciousness as experience itself. Borrowing from Thomas Nagel’s 
definition of consciousness, you are conscious if and only if there is something it is like to be 
you.” For instance, as you are reading this essay, you are having a visual experience — you 
appreciate the fact that the letters are black and are set against a white background. It feels like 
something to eat apple pie; taking in the autumn aroma and sweet flavor, you experience both a 
smell and a taste. From love to heartbreak, your emotions are experienced by you. Your day 


dreams, your inner monologue, the shooting pain of stepping on a LEGO, the small sadness that 


? Thomas Nagel, “What is it like to be a bat?” p. 436. 
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accompanies discovering an empty fridge, all of this is experienced by you because there is 
something it is like to be you. You are conscious. 

In the past, I’ve found that Nagel’s definition and explanations of the kind above are not 
always illuminating. For those unfamiliar with this notion of consciousness, it can be difficult to 
discern what the words ‘experience’ or ‘feels like’ are really referring to. Likely, this difficulty 
arises because we take for granted that everything feels like something; consciousness is our 
status quo, and it can be hard to imagine what it would be like to read this essay — or perform any 
task, for that matter — without an accompanying experience. To clear this confusion, I’ve found it 
useful to identify times when we are not conscious: When you are under anesthetic at the 
doctor’s office, or when you are asleep but not dreaming, there is nothing that it is like to be you. 
Experience itself has ceased, and there is no consciousness. Presumably, a robot, although 
capable of performing many of the same functions as conscious agents such as ourselves, exists 
in the same state that we are in during non-dreaming sleep. So consciousness is not reducible to 
the performance of functions, but is rather the experience that accompanies the performance of 
functions.’ Nagel’s definition captures the difference between the above cases — non-dreaming 
sleep, the patient under anesthetic, and the robot — and our typical states of waking, conscious 
experience. 

Consciousness is epistemically unique. Our knowledge that we are conscious is beyond 
doubt. Descartes discovers this fact on a quest for epistemic certainty. He begins with the 
assumption that a malicious demon has done all he can to deceive him: “I will think that the sky, 


the air, the earth, colours, shapes, sounds, and all external things are no different from the 


3 Here, I am borrowing from David Chalmers, whose work will also be discussed in Section 3.1. See Chalmers’ 
Section 3, ‘Functional Explanation’ in “Facing up to the Problem of Consciousness.” 
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illusions of our dreams, and that they are traps he has laid for my credulity.’”* Descartes defiantly 
responds to the demon’s deception: 


He can deceive me all he likes, but he will never bring it about that I should be 
nothing as long as I think I am something. So that, having weighed all these 
considerations sufficiently and more than sufficiently, I can finally decide that this 
proposition, ‘I am, I exist’, whenever it is uttered by me, or conceived in the 
mind, is necessarily true.° 


We can identify Descartes’ ‘I am’ with ‘consciousness’ and recast his Cogito in our 
terms: I have a conscious experience, therefore I know that I am conscious. Put another way, an 
expression of doubt of consciousness is itself yet another experience that takes place in 
consciousness. And so, to doubt our own consciousness only reaffirms the fact that we are 
conscious. This brings us to a tautological, albeit crucial point: You can only ever experience 
anything in consciousness. If you are not conscious, there is nothing that it is like to be you, and 
so experience has ceased. Thus, all experiences — even thoughts of doubt about one’s own 
consciousness — are necessarily conscious experiences. So, our knowledge of anything 
purportedly beyond conscious experiences must be mediated by conscious experiences. Put 
another way, you only have direct, unmediated access to the objects in your internal world. To 
better understand perceptual appearances — appearances in consciousness that are stimulated by 


objects in the external world — we now turn to Bertrand Russell’s account of perception. 


1.0 Perception 


We can only directly know things as they appear. So, we only directly know the external world as 


it appears and must infer what it’s really like. 


4 René Descartes, Meditations on First Philosophy, p. 16. 
5 Ibid., p. 18. 
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We often assume that things are as they appear. Perhaps you are sitting at a table, and you 
believe the table is brown and shaped like a rectangle. These facts — and, of course, the existence 
of the table — are so obvious that you do not question them. At first thought, we might say that 
we know such facts directly or non-inferentially. After all, what could be more apparent? 
Although you may believe that the table is one color — brown, for instance — there are parts that 
catch the light and are brighter, and others that are darker and cast in shadow; you do not see the 
table as one color, but rather as a distribution of colors. As you move around the table, or alter 
the lighting, this distribution of colors changes. Perhaps from another angle, what once reflected 
the light and appeared white now assumes a walnut brown, or in very dim light, the table appears 
to be cast in gray. After considering this line of reasoning, Russell establishes that “it is evident 
from what we have found, that there is no colour which pre-eminently appears to be the colour of 
the table ... there is no reason for regarding some of these as more really its colour than others.”° 
As each color within a given color distribution has equal claim to be considered the true color of 
the table, we do not know directly that the table is really brown. Instead, we infer that the table is 
really brown based on such changing distributions of colors. 

Similarly, we cannot say definitively that the ‘real’ shape of the table is a rectangle. 
Russell notes that the table “will look, from almost all points of view, as if it had two acute 
angles and two obtuse angles. If opposite sides are parallel, they will look as if they converged to 
a point away from the spectator; if they are of equal length, they will look as if the nearer side 
were longer.” The table will not appear directly to us as a rectangle. Rather, just as with the 
table’s color, we infer from the different ways the table appears to us that the table must actually 
be rectangular. Russell makes analogous arguments about the texture of the table, the hardness of 


8 All quotations from Bertrand Russell can be found in Chapter I of The Problems of Philosophy, ‘Appearance and 
Reality.’ 
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the table, and the sound the table emits when we rap our knuckles against its surface. He then 
establishes that we do not know directly that there is a table that we are touching at all. We only 
directly know a tactile sensation and infer that a table is the cause of this sensation. In total, this 
set of arguments allows us to establish that “the real table, if there is one, is not the same as what 
we immediately experience by sight or touch or hearing.” As the table’s existence is not known 
to us directly through the senses, the table’s existence can be inferred only from what is directly 
known. In other words, the existence of a super-sensible table is posited as an explanation for 


what does appear directly in consciousness. 


1.1 Underdetermination 


There are many possible explanations for why things appear the way they appear. 

Russell’s arguments demonstrate that “it is plain that if we are to know anything about 
the table, it must be by means of the sense-data — brown colour, oblong shape, smoothness, etc. — 
which we associate with the table.” Consequently, your knowledge of tables, chairs, people, 
spectrometers, computers, brains, and the like is necessarily mediated by appearances in 
consciousness. This raises the question, does the appearance of a table in consciousness give us 
good reason to infer that a corresponding external table exists in the external world?’ 

Appearances in consciousness underdetermine explanations of the cause of appearances 
in consciousness. That is, there are many — perhaps infinite — possible explanations for the 
appearance of a table in consciousness, and the existence of an external table is not the only 


explanation for why there appears to be a table. We readily accept that in a dream it may appear 


’ Note here that previously we just used the word ‘table’ to refer to both the table that appeared in your internal 
world and the table that we assumed existed in the external world and caused the appearance of a table in your 
internal world. Now, for emphasis, we add the word ‘external’ to refer to a table that exists in the external world, 
supposing such an external table exists at all. 
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to us as if there is a table, although no such corresponding external table is actively generating 
the appearance of a table. Or, as in Descartes’ case, we might imagine that a demon is attempting 
to deceive us, systematically providing us with appearances that are not accurate representations 
of the external world. As all such explanations — the dream, the demon, and our usual story about 
external objects — are consistent with the same set of appearances in consciousness, we do not 
yet have good reason to favor one explanation as the cause of such appearances in consciousness. 

Although an imagined interlocutor might concede that there are numerous explanations 
for the appearance of a table in consciousness, she might still insist that the existence of an 
external table is the most plausible explanation of such an appearance. After all, she might argue, 
we observe a consistent correlation between the appearance of a table and an external table. So, 
notwithstanding the possibility that she might be dreaming or deceived by a demon, the existence 
of an external table is the most likely cause for the appearance of a table. However, to reiterate 
our earlier argumentation, we can only infer that an external table exists based on the appearance 
of a table. In order to observe a correlation between the appearance of a table and an external 
table, we must first assume that such an external table exists. But to assume that there is an 
external table, and then argue that we have good reasons to infer that such an external table exists 
because we observe a correlation between the appearance of a table and such an assumed 
external table, is circular. Moreover, as all of our candidate explanations are consistent with the 
appearance of a table, the appearance of a table alone cannot justify an assumption that a 
corresponding external table actually exists. 

If we say we perceive an external table, we thus really mean that a table appears in 
consciousness and we posit the existence of a corresponding external table to explain this 


appearance. Importantly, you could experience this same appearance and associate it with the 
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concept of a table without positing the existence of a corresponding external table. For example, 
in a lucid dream, a table could appear in consciousness and align with the concept of a table, but 
you would still maintain that no such external table actually exists. As such, when we say that we 
consider a table, we mean that we associate whatever appearance occurs directly in 
consciousness with the concept of a table, but need not maintain that a corresponding external 
table actually exists. Along these lines, we can make sense of a scenario where an appearance in 
consciousness aligns with the concept of a table, but something altogether different than an 
external table is responsible for generating this appearance. 

As we cannot merely assume that our perceptual appearances are veridical, that objects in 
our respective internal worlds — and so objects in our world — correspond exactly with objects in 
the external world, we must maintain the possibility that the external world is radically different 
than how it appears. Even more, as relations between objects in our respective internal worlds 
need not correspond to relations between objects in the external world, we need supporting 
intellectual scaffolding for objects in any internal world — and therefore objects in our world — to 
inform our reasoning about the external world. Here are our guiding questions: How can we 
characterize things as they are, rather than merely as they appear? How can we characterize the 


external world, rather than just our world? How can we know a world beyond mere appearances? 


1.2 Our Scientific Paradigm 


Our current scientific paradigm deals with the particular content of our world, the world as it 
appears. 
The aim of scientific inquiry is to characterize things as they are, and not merely as they 


appear. However, current scientific claims rest on the assumption that, at some level, our 
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perceptual appearances are veridical — that the objects of our world faithfully represent the 
objects of the external world. This is because all scientific claims are substantiated by 
experimental evidence, and we necessarily become aware of such evidence as perceptual 
appearances; even if we involve some complex instrument that enhances our perceptual 
capacities, we can become aware of such an instrument only as a perceptual appearance. If such 
perceptual appearances are not veridical, then the experimental evidence used to substantiate our 
scientific claims is invalidated. Just as our Minecraft scientists were initially confined to a world 
of voxels and could not develop theories that penetrate to a more fundamental level, our 
scientists are currently confined to our world, the world as it appears to us. 

Here, a scientific interlocutor might object. She would argue that science does not assume 
that, at some level, the external world is as it appears. On the contrary, she might press, science 
shows us that the world is different than how it appears. As an example, let’s consider the usual 
scientific explanation of our perception of the color red: Photons within a particular range of 
wavelengths hit our eyes and, in turn, cause the appearance of the color red. Our scientific 
interlocutor would then claim that this scientific explanation shows how the external world is 
different than it appears. Photons within a particular range of wavelengths are objects in the 
external world that are radically different from the color red, the appearance they cause. In order 
for this scientific explanation to be valid, we must be able to adequately describe photons. Our 
scientific interlocutor would then insist that we can adequately describe photons, thanks to 
sophisticated instruments such as spectrometers. 

However, a spectrometer, or any other scientific instrument, can only be apprehended as a 
perceptual appearance in consciousness. If the perceptual appearance of a spectrometer and the 


readout of its measurements do not accurately represent the external world, then our scientific 
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explanation is invalidated. As appearances in consciousness underdetermine explanations for 
appearances in consciousness, we do not know that our standard account of why there appears to 
be such a readout from a spectrometer — that there actually are spectrometers and photons in the 
external world — is correct. Appealing to yet another instrument to support the validity of 
spectrometers will not help as the same reasoning will apply. Without supplying additional 
reasons, we can only assume that such an account is correct. 

Fascinatingly, scientific explanations of this kind operate in reverse of epistemic priority, 
attempting to explain what we have direct knowledge of — appearances in consciousness — in 
terms of what we only have inferential knowledge of — external objects. The notion that we were 
explaining the content of your internal world (an experience of the color red) in terms of objects 
in the external world (photons within a certain range of wavelengths) was a sleight of hand; you 
could only ever consider photons and spectrometers, or any other supposed external objects, as 
appearances in consciousness, objects in your internal world. What we need, then, is a way of 
reasoning about the way in which, and the extent to which, objects in our world represent objects 


in the external world. 


1.3 Circles 


... But to understand consciousness, we must understand the external world. But to understand 
the external world, we must understand consciousness... 

In the dualist picture we’ve been exploring thus far, the problem of consciousness and the 
problem of external world skepticism form a circle. With the problem of consciousness, we seek 
to explain consciousness in terms of objects in the external world. With the problem of external 


world skepticism, we seek to characterize the external world in terms of appearances in 
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consciousness. So, in order to solve the problem of consciousness, we must first be able to 
characterize the external world. But to characterize the external world, we must first be able to 
understand consciousness, as we can only know the external world as it appears to us in 
consciousness. How can we start when there’s nowhere to begin? 

Immanuel Kant may offer a partial solution to this problem. He argues that we have a 
priori knowledge of the conditions necessary for conscious experiences. In Kant’s solution, the 
only thing we can definitively say about the external world is that it’s the cause of the content in 
our respective internal worlds. According to Kant, we cannot definitively answer additional 
questions about the external world, the world beyond our conscious experiences. Such questions 
are not for us. Instead, we can only discuss things insofar as we experience them, insofar as they 
are objects of our respective internal worlds. Under a Kantian lens, we might reinterpret our 
current scientific paradigm, arguing that science does not attempt to characterize the external 
world, but necessarily confines itself to characterizing our world. Must we side with Kant? Or 
can we expand the domain of scientific inquiry to the external world itself? If we do not expand 
the domain of scientific inquiry, are we necessarily limiting the scope and success of science? 

I hypothesize that the hard problem of consciousness is a hard problem because in our 
current scientific paradigm we seek to explain consciousness in terms of things as they appear 
(objects in our world, namely brains and brain activity) and not things as they really are. What 
new questions and answers might emerge with a new kind of science, a science that penetrates 
beyond our world? If we do not merely assume that our perceptual appearances are veridical, can 
we find explanations that truly deal with the external world? Can we imagine a new scientific 


program that starts from a different assumption? 
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2.0 Isomorphic Simulation Theory 


We should not ask, what is going on in our world? But rather, what is essential in generating our 
world? 

We can begin our new science, a science of worlds, by creating simulations of our world 
from within our world. The theory that I will develop in this section, which I call ‘Isomorphic 
Simulation Theory,’ describes a methodology for how such a science will proceed. Isomorphic 
Simulation Theory begins with the assumption that there is an essential set of features necessary 
for any implementation of our world. Then, because the external world is causally connected to 
our world, this essential set of features must also characterize the external world. Now, the 
subject matter of our scientific inquiry is not the particular content of our world, but a formal 
structure, an essential logic that governs any implementation of our world. 

Isomorphic Simulation Theory itself is the claim that we can uncover this essential logic 
by creating simulations of our world and observing the common, isomorphic features across all 
such implementations. In general, if many methods achieve the same end, there are some 
essential features that are shared between these methods in virtue of the fact that they achieve the 
same end. Aristotle provides a useful example in support of this notion, writing: “If a house, e.g., 
had been a thing made by nature, it would have been made in the same way as it is now by art.”® 
In other words, if houses were to grow naturally like trees instead of being built by people, 
nature would still construct houses by growing the foundations first, and then the walls, and then 
the roof. That is, there is an essential logic to house building that is necessarily adhered to, 
whether houses are built by nature or by people. Similarly, then, if two simulations of our world 


are constructed with different methods, their implementations must share some essential set of 


8 Aristotle, The Basic Works of Aristotle, “Physics, Book I, Chapter 8,” p. 250. 
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features. And, as the external world implements our world, i.e., causes our world to appear the 
way it appears, it must also share this essential set of features. According to Isomorphic 
Simulation Theory, we can approximate this essential set of features by identifying the common, 
isomorphic features shared by different implementations of our world. If there are common, 
isomorphic features across many such implementations, then we can increase our confidence in 
our operating assumption that there is such an essential set of features. 

In what follows, I will provide a sketch of how we might proceed in developing this new 
science and Isomorphic Simulation Theory. Although my sketch inevitably will be incomplete, 
my intent is to briefly raise and address preliminary questions that will structure Isomorphic 
Simulation Theory. In doing so, I hope to stimulate a discussion of a new science with methods 


and theories that penetrate beyond the particular content of our world. 


2.1. Simulating Our World 


Under what conditions can we say that we have simulated our world? Can we begin without 
creating such simulations? 

For a research program following Isomorphic Simulation Theory to begin, we must 
stipulate the conditions under which we regard a candidate simulation to be a simulation of our 
world. Of course, if a simulation does not sufficiently recreate our world, then the 
implementation of this insufficient simulation may not share the essential features necessary for 
any implementation of our world. To this end, I suggest we use an analog of the Turing Test for 
simulations: We will say a candidate simulation is a simulation of our world if we cannot 


distinguish between the simulation and our world. For example, we can imagine developing a 
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virtual world that one interacts with using a virtual reality headset.’ If the virtual world is so 
compelling that we generally cannot find any features that distinguish it from our world, then we 
will say that our virtual world passes our Turing Test for simulations and should be regarded as a 
simulation of our world. As more people probe a simulated world, and as we do so in more 
advanced ways, its status as an adequate simulation of our world may change.'® 

Without creating simulations of our world that pass our Turing Test for simulations, we 
can still begin our new science. What we can hope to learn from a simulated world should be 
conditioned on the extent to which the simulation resembles our world. We may be able to learn 
an incredible amount by analyzing less-sophisticated simulations and paying careful attention to 
what features might be necessary for future implementations of more-sophisticated simulations. 
Further, we can still begin our science by asking what is essential in generating our world and 
theorizing about what would be necessary to simulate our world. We may be able to see far 


further, past the limit of our world, simply by looking in the right direction. 


2.2. Escaping Our Physics 
How will our physics influence our results? 
Our new science does not assume that our world faithfully represents the external world. 


And so, we do not assume that relations between objects in our world also hold between objects 
in the external world. As our physics is the study of relations between objects in our world, we 
therefore cannot assume that the physics of our world pertains to the external world. As 
simulations of our world created within our world will use our physics, whereas the external 


° We can imagine other ways of interacting with such simulated worlds other than with virtual reality headsets, for 
example, entering simulated worlds by directly manipulating our brain activity. 

‘0 Moreover, after probing many such simulations of our world, we may be able to develop a better standard for 
adjudicating whether or not a simulation is an adequate simulation of our world. In lieu of such a standard, we begin 
with our Turing Test for simulations. 
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world may generate our world using a different system of objects and rules, we might worry that 
the simulations we create will not help us characterize the external world after all. We can recast 
this worry in terms of our earlier Minecraft thought experiment; as the physics in Minecraft are 
different from the physics in our world, the Minecraft characters might worry that their method 
of creating Minecraft in Minecraft is different from how Minecraft is implemented in our world. 
In short, we might worry that our results are contingent upon the accidental physics of our world. 

To address this worry, we can construct simulations of worlds that have different physics. 
For example, we might simulate a world with a different gravitational constant, a different speed 
of light, a different number of forces, a different number of fundamental particles, a different 
number of spatial or temporal dimensions, or any other changes to our existing system of 
physics. That is, we can consider not just our physics with its objects and rules, but the space of 
all possible worlds with all possible objects and rules. Within a new simulation with a different 
physics, we can then test whether we can create a simulation of our world within this simulated 
world with a different physics. If this is possible, we will say that our simulation with a different 
physics is ‘world complete.’ Here, world completeness is defined relative to our world. We can 
also define world completeness relative to other worlds. For example, our world is world 
complete relative to Minecraft, and Minecraft is world complete relative to itself. We can also 
define total world completeness as world completeness relative to all possible worlds. That is, a 
world is total world complete if simulations of all possible worlds can be generated within that 
world. 

If a simulated world is world complete, then whatever objects and rules are in that 
simulated world, in addition to the implementation of our world from within that simulated 


world, will help us better approximate the essential set of features necessary for implementing 
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our world. Presumably, some features of implementations of our world from within a simulated 
world with different physics will be isomorphic to some features of implementations of our 
world from within our world, while others will not be. Exploring different world complete 
worlds with different physics will help us identify which parts of implementations of simulations 
of our world are essential and which are accidental to a particular physics. 

Without simulating all possible different versions of physics, we will be able to show that 
some worlds are not world complete. For example, if a world contains only a single atom that 
moves randomly about in space, then such a world would presumably lack the components 
necessary to create a simulation of our world. By identifying worlds that are theoretically world 
incomplete, we can better begin our search over the space of all possible worlds, with all possible 


objects and rules, for worlds that are world complete. 


2.3. Elegance of Implementation 


Are some implementations of simulations of our world better than others? 

In addition to worrying that the results of our new science are contingent upon the 
accidental physics of our world, we might also worry that some implementations of our world 
will be particularly misleading. Although Isomorphic Simulation Theory begins with the 
assumption that there is an essential set of features necessary for any implementation of our 
world, and so a set of features that will hold for any implementation of our world, some 
implementations may naturally suggest this essential set of features while others obfuscate them. 
When solving math problems, one often finds that there are simple, elegant solutions that, so to 
speak, uncover the essence of the problem, while there are also long-winded, clumsy solutions 


that leave one feeling exhausted rather than satisfied. In building simulations of our world, we 
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will likely find that this same phenomenon also pertains to the implementations of these 
simulations. As truth often follows elegance and simplicity, we might ask, what is the simplest 
way to simulate our world from within our world? Further, we might also ask, what is the 
simplest world complete world? And, across all possible worlds, what is the simplest way of 
generating our world? I suspect that the answers to these questions will be particularly suggestive 
of whatever is essential in generating our world. 

To better understand the importance of elegance of implementation, let’s suppose that 
within our world, we have created two candidate simulations of our world, each with a different 
implementation. We will subject both of these candidate simulations to our Turing Test for 
simulations. In the first implementation, colors in the simulated version of our world are updated 
in a familiar way; there is a correlation between simulated photons of different wavelengths and 
the appearance of different colors. In the second implementation, there are no photons in the 
simulation at all. Instead, this implementation will hard-code (individually specify) the colors of 
every object in the simulation. Note that we used the word ‘correlation’ to describe the 
relationship between simulated photons of different wavelengths and the appearance of different 
colors in our first simulation. Relative to the internal logic of the first implementation, simulated 
photons are not properly understood to be the cause of a change in color. Indeed, a Minecraft 
scientist will notice that voxels are green when they represent grass and perhaps theorize that 
grass is a substance that causes the appearance of green. Although there is a correlation between 
voxels representing grass and their being green, the cause of grass’s greenness in Minecraft is 
Minecraft’s code, i.e., a part of the implementation of Minecraft in our world, not the objects 


within the gameworld of Minecraft itself. 
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Although a short investigation of each world may lead one to conclude that both 
implementations pass our Turing Test for simulations, the first implementation will likely prove 
better. As photons are correlated with more than changes in color, the first implementation will 
likely handle other scenarios that we associate with the behavior of photons in our world better 
than the second implementation. For example, in the first implementation, warmth can still be 
correlated with infrared radiation, simulated photons propagating at wavelengths just longer than 
red on the visible light spectrum. In the second simulation, as there are no photons, warmth 
cannot be correlated with this behavior. So, we might imagine that in the first simulation, 
lightbulbs that are on are warmer to the touch than lightbulbs that are off. In contrast, in the 
second simulation, lightbulbs that are on and off may be the same temperature. Then, the first 
simulation may pass a more stringent application of our Turing Test for simulations, while our 
second simulation will not. In this example, the inelegance of the second implementation, which 
required hard-coding the color of every object in the simulation, limited the effectiveness of the 
simulation. We might then expect that the second simulation will be less likely to be world 


complete, lacking the sophistication required to recreate the first simulation. 


2.4 Brains 


How might our existing scientific paradigm help our new science? 

We might worry that we will never be able to build a simulation of our world from within 
our world. Such a feat would be a momentous achievement, perhaps requiring as yet 
undeveloped methods in our world’s physics and computer science. If we cannot build such 
simulations in practice, then our new science will forever be a theoretical science. I claim that we 


already have a machine that can create a simulation of our world from within our world: the 
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brain. When you go to sleep, you enter a dream world. As far as we can tell, relative to our 
world, the brain is the machine that creates this dream world. For most people, most of the time, 
their dream worlds pass our Turing Test for simulations. That is, most dreams are not lucid 
dreams; we do not figure out that the dream world is not our world while we are dreaming. Of 
course, sometimes we have lucid dreams, and often our dream worlds are so crazy that, after 
reflecting on what happened in our dreams, it’s obvious we were not in our world. Nevertheless, 
we can regard the brain, and whatever brain activity is associated with dreaming, as an imperfect 
implementation of our world from within our world. 

So, our brains may share some of the essential features that are necessary for 
implementing our world. This is not to say that the brain itself generates our respective internal 
worlds. To think so would be to fall into a similar confusion to a Minecraft character that 
observes a voxel computer that partially recreates Minecraft in Minecraft and thinks that this 
voxel computer is responsible for generating the Minecraft world he is in. Our Minecraft 
character would only be correct in deducing that the voxel computer that partially recreates 
Minecraft in Minecraft is somehow isomorphic to the computer that creates Minecraft in our 
world. Similarly, then, we might conclude that the brain is somehow isomorphic to whatever 
generates our world in the external world. However, without more simulations of our world, each 
with a unique implementation, we cannot say to what extent the brain is isomorphic to whatever 
generates our world. Still, it’s miraculous that the brain can generate dreams at all, and can do so 
using only 12 watts of power, roughly the same amount of power as an LED light bulb." 
However imperfect the simulation provided by the brain may be, the brain is an incredibly 
elegant, energy-efficient implementation. Studying both the brain itself and the brain’s formal 
structure may be a powerful way to begin our new science. 


'' Timothy J. Jorgensen, “Is the Human Brain a Biological Computer?” 
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3.0 The World of Worlds 


What is a world? And what is the role of the observer in our study of worlds? 
Thus far, the primary focus of our new science has been our world, and we’ve studied 


other worlds, worlds with different objects and rules, only insofar as these worlds may be 
revelatory of how our world is implemented. Our new science does not aim to be a science of our 
world, but a science of worlds. So, our science ought to take an interest in each possible world in 
and of itself and explore the relations between all possible worlds. The ultimate domain of our 
science is the World of Worlds, not any particular world. In investigating all possible worlds, we 
can begin to uncover not only what is essential in our world, but what is essential in any world. 
We can begin to answer the questions, what is a world? Or, what is the form of a world? Further, 
we can ask, is the World of Worlds itself a world? If so, for what kind of beings would the World 
of Worlds properly be understood as their world? Even further, if the World of the Worlds is 
itself a world, it contains itself. Could a science of worlds account for both its own structure and 
the very space that it investigates? 

One candidate way to organize our inquiry into the World of Worlds is by constructing a 
hypergraph of all possible worlds. Following Isomorphic Simulation Theory, the principal 
relation between worlds is whether or not one world can be created or simulated in another 
world. We might then structure our hypergraph of all possible worlds by constructing an edge 
between World A and World B if World B can be simulated in World A. That is, there is an edge 
from World A to World B if World A is world complete relative to World B. Next, I'll briefly 
comment on some of the issues that arise in studying this relation between worlds, the ability to 
create or simulate one world from within another, and the difficulty of studying the World of 


Worlds from within our world. 
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If the process of simulating a world is solely a computational process, then any world that 
is Turing complete (capable of simulating any Turing machine) will be able to simulate any 
world. In this analysis, total world completeness seems to converge on Turing completeness, 
providing a theoretical initial structure to our hypergraph of all possible worlds. This already 
gives us a first-pass answer to an earlier question, what is the simplest total world complete 
world? Answer: A world containing only what’s necessary for a Turing machine and nothing 
more. However, this does not get us closer to answering how to build any given world, i.e., 
telling us what program a Turing machine could run to simulate a world. Even more, this 
analysis misses how such a program would have to be implemented in order to effectively 
simulate a world. World completeness differs from Turing completeness as world completeness 
pertains not only to computational processes, but also to the way in which computation is 
embodied and interpreted. That is, simulations of our world count as simulations of our world for 
us only insofar as we recognize them as simulations of our world. 

To clarify, let’s once again consider implementations of Minecraft. On the one hand, 
imagine that you are given a usual, running version of Minecraft on a laptop. You can probe this 
implementation of Minecraft simply by playing the game of Minecraft. On the other hand, 
imagine that you are given the code for Minecraft printed out in binary. Both implementations of 
Minecraft, the one running on your laptop, and the one printed out in binary, contain the essential 
logic of Minecraft. However, the implementation of Minecraft that’s merely printed out in binary 
would be so opaque to all who read it that it seems not to count as an implementation of 
Minecraft at all. If we had only the second implementation (the binary) and not the first (the 
running version of Minecraft on a laptop), then we would say that our world cannot simulate 


Minecraft. And so, our science ought to concern itself not only with the computational process 
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required to simulate a world, but the way in which that computation is embodied (in a computer, 
a brain, or wherever else) and interpreted (by us, video game characters, or other alien 
intelligences). 

Our science involves itself with how things appear, embracing the fact that things may be 
different than they appear, rather than assuming that things are as they appear. And so, our 
science ought to investigate not only the space of worlds and the various objects and rules within 
these worlds, but also the space of possible appearances and interpretations of these objects and 
rules. Put another way, we ought to investigate the space of possible observers, asking how 
things might appear different in a different world or from within a different interpretive 
framework. Further, we can ask, what is the observer’s role in structuring, or generating, the 
content of a world? Or, what is an observer? And, what is the observer’s role in our science of 
worlds? Admittedly, although we can attempt to characterize the space of possible appearances 
and interpretations, our investigation is limited by how things appear to us and the structure of 
our interpretive framework. We may be unable to escape the lens through which we observe the 
World of Worlds, even if our study of simulations allows us to characterize what lies beyond our 
world. 

Indeed, this seems to place a theoretical limit on our investigation of the World of 
Worlds. The standard that we have been employing to judge whether one world can be simulated 
in another world is relativized to a particular set of observers, namely the observers in our world. 
But of course, our world is within the World of Worlds. From within our world, the World of 
Worlds looks different than it would from another world within the World of Worlds. So, if we 
structure a hypergraph of all possible worlds by placing an edge from World A to World B if 


World B can be simulated in World A, the ultimate version of this hypergraph would not only 
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keep track of edges between worlds, but also how these edges differ when viewed from different 
worlds. The ultimate version of this hypergraph may be necessarily unattainable for us, and so 
too a full characterization of the World of Worlds, complete with an account of all possible 
appearances and interpretations. And still, through Isomorphic Simulation Theory, we may be 
able to develop a fledgling science of worlds; a science that studies a formal structure that 
pertains to worlds beyond our own; a science that reaches beyond our world, without ever 


leaving our world. 


3.1 A Science of Consciousness 


Can a science of worlds explain consciousness? 

Our current scientific paradigm lacks the power to explain consciousness in terms of 
objects in our world. Given the many successes of our current scientific paradigm, this may 
initally strike us as surprising. Upon closer examination, however, the methods of our existing 
scientific paradigm — which confine themselves to objects in our world — seem necessarily 
ill-suited to explain consciousness. Consciousness is experience itself, and so is not equivalent to 
any particular object of experience, any object within your internal world. Rather, consciousness 
is the space within which objects in your internal world appear. As consciousness is a 
precondition for there being any appearances at all, your consciousness is logically prior to all 
appearances in your consciousness. And so, your consciousness is more fundamental than any 
appearance in your consciousness, more fundamental than any object in your internal world. To 
then try to explain consciousness in terms of objects in your internal world, without first 
knowing how such objects correspond to objects in the external world, is confused: We are trying 


to explain something more fundamental, consciousness, in terms of something less fundamental, 
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appearances in consciousness. And, of course, we can never reduce something more fundamental 
to something less fundamental. We cannot hope to explain experience solely in terms of 
particular experiences. So, we cannot hope to explain consciousness in terms of the brain itself as 
we know brains only as appearances in consciousness. 

The mistake of our current scientific paradigm is assuming that its methods and theories 
deal with the external world, things as they are. Instead, our current scientific paradigm only ever 
deals with our world, things as they appear to us in consciousness. Philosophers such as David 
Chalmers, reasoning that consciousness is not explicable in terms of the fundamental forces and 
particles of our physics, argue that consciousness is just as fundamental as our fundamental 
forces and particles. In Chalmers’ view, consciousness is as fundamental as the electromagnetic 
force or the photon. As Chalmers points out, positing a new fundamental player in physics is not 
unheard of. When Faraday and Maxwell advanced their theory of electromagnetism, their 
approach was not to explain the electromagnetic force in terms of other fundamental forces, such 
as gravity, but to add the electromagnetic force as a fundamental force and explain how it fits in 
with the other fundamental forces and particles in physics. For Chalmers, the task of explaining 
consciousness is the task of demonstrating how consciousness fits in with the rest of the 
fundamental forces and particles in physics.’ The view I am advancing differs from Chalmers’ 
view because it positions consciousness not as equally fundamental to all of the fundamental 
forces and particles in physics but as more fundamental. In this view, consciousness is more 
fundamental than anything in our world, and so is also more fundamental than the physics, 


particles, and forces in our world.” 


12 See Section 6, ‘Nonreductive Explanation,’ in Chalmers’ “Facing up to the Problem of Consciousness.” 
'8 Indeed, on the view that I am advancing, such forces and particles cannot properly be referred to as ‘fundamental’ 
forces and particles. 
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This is not to say that consciousness must be more fundamental than all of the objects in 
the true external world. Although I maintain that consciousness cannot be explained in terms of 
objects as they appear in our world, we may be able to imagine that consciousness is explicable 
in terms of more fundamental objects, objects as they are and not merely as they appear in 
consciousness. Or, we may imagine that consciousness is the most fundamental possible kind of 
thing. Here, we might still wonder if there are other kinds of things that are just as fundamental 
as consciousness. The advantage of this view is that it opens up a new space, a space within 
which we can imagine consciousness interacting with objects outside of our world. 

Nevertheless, we might question whether or not our new science can properly develop a 
theory of consciousness. The aim of Isomorphic Simulation Theory is to study whatever is 
essential in implementing our world. Thus, Isomorphic Simulation Theory attempts to 
characterize the relationship between the external world and our world. In our initial dualist 
picture, we said that there is the external world, things as they really are, and your internal world, 
things as they appear to you in consciousness. Within this picture, your consciousness is the 
relation between your internal world and the external world, the boundary or interface between 
things as they are and things as they appear. So, our collective consciousnesses define our 
world’s relation to the external world. Isomorphic Simulation Theory, in attempting to 
characterize the relation between the external world and our world, gestures towards what 
consciousness is. We might still imagine that consciousness is deeply involved in the 
fundamental way of things. We might even imagine that each of our individual consciousnesses 
are connected to a larger consciousness that’s involved not just in our world, but in every world. 
Perhaps a new science, a science that involves all possible worlds, could brush up against 


whatever consciousness is in a meaningful way. I suspect that if we could get a hold of a true 
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science of worlds, our dualist preconceptions will dissolve between our fingertips, and external 


and internal will be unified under one world. 
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